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Abstract. This paper describes the experimental investigation on the cracking propagation 
and pattern of reinforced concrete beam containing PET aggregate as fine aggregate that 
subjected to shear. The replacement ratio of 25%, 50% and 75% were used in this study. Prior to 
structural test, the materials properties which include the compressive strength test, split tensile test, 
Modulus of Elasticity test and density were determined. The result obtained showed that the 
inclusion of PET aggregate reduce the initial loading cracks to 27%, 38% and 46% compared to 
their corresponding normal concrete ; thus affecting the shear resistance of the structural beam 
especially the ability of the beam to resist shear via interface friction and interlocking 
between aggregate. 
Introduction 
The application of using waste in other industries have become a favourable issues among 
researchers because of the advantage on reducing the waste on dumps site and reduce the use of 
natural resources [I]. According to National Solid Waste Management Department (NSWMD) [2], 
the second largest waste volume in Malaysia municipal solid waste constitutes by plastic based 
product. It is generated about 24% of national municipal solid waste which contribute to 1,387,000 
tons of the total solid waste per annum. For post consumer plastic waste, polyethylene terephthalate 
(PET) bottles are one of the major waste generated by consumer.PET bottles are used for drinking 
packaging and others various liquid food. PET bottles have taken place glass bottles as 
storing vessels for beverage due to its lightweight and easiness of handling and storage, 
hence, the production of PET bottles remain increased through years [3]. The large quantities of 
this waste cannot be eliminated, however, the impact of the waste to the environment can be 
reduced by changing to more sustainable material in other industries [4]. One of the areas where 
PET bottles can be widely used is in construction industry. The PET bottles can be 
evaluated in concrete production either as a fibre or replacement for an aggregate to form a 
lightweight aggregate. 
Material and Method 
PET aggregate was produce by grinding the PET bottles using Plastic Granulator Machine. The 
grinded PET can be collected from the tray below the grinding chamber. Granulated PET 
bottles were then sieve and the particles passing the 5 mm BS 410 sieve were used as the 
replacement of fine aggregate. For concrete production, Ordinary Portland Cement was used as 
the binder for all test beams. Normal aggregate concrete used river sand of suitable grading as f i e  
aggregate. A superplasticiser Mighty 21 was also employed to ensure adequate workability of 
fiesh concrete during casting. Crushed granite with maximum 20mm grading were used as 
coarse aggregate. Fly ash with 30% of cement weight was used as additional binder to ensure 
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adequate binder to form the workable concrete suitable to the self compacting concrete. Table 
below show the mix proportion of the concrete; 
Table 1 : Mix design of concrete with waste PET as fine aggregate replacement 
- The experimental program was carried out using test beams of the same cross section (150 x300 
x 2600 mm) geometries. Four beams were cast in this study and all of the beams were cast 
without transverse reinforcement and constant shear span to depth ratio. The beams were design to 
failed under shear. Two point loading configuration have been used for structural beam test. Figure 
below show the detail of the beam and the test setup of the experimental work. 
Figure 1 : detail of the beam and the test setup of the experimental work. 
Result and Discussion 
Materials properties result.. Table 2 shows some of the concrete properties at 28 days for the test 
which include compressive strength test, split tensile test and Modulus of Elasticity (MOE). Based 
on Table 2, the increment of PET aggregate replacement ratio resulted to the reduction of concrete 
compressive strength. At 28 days compressive strength, the reductions of compressive strength are 
29%, 47% and 52% for the replacement ratio of 25%, 50% and 75% respectively. The reduction 
also occurred for split tensile test for replacement ratio of 25%, 50% and 75% where the 
result decline to 12%, 33%, 44% respectively. The decreasing trend of compressive strength and 
split tensile strength with the increasing of PET aggregate replacement ratio, it is expected that 
the MOE also decreased. The MOE decreased fiom 15%, 28% and 38% for 25%, 50% and 75% 
of PET aggregate replacement ratio. 
The decrement in mechanical properties of concrete containing PET aggregate was related to 
low adhesive strength between PET aggregate surface and the cement. Furthermore, the 
density of materials play a major role on mechanical properties of concrete, Therefore, the 
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declination of the mechanical properties also can be extended to the low density of PET aggregate 
compare to the conventional fine aggregate [3]-[7]. Eventhough the addition of PET aggregate has 
attribute to a reduction in compressive strength, but it had shown a reduction in concrete density. 
According to ACI 213R-03, the compressive strength of lightweight concrete at 28 days should 
be higher than 
17.2 MPa and with a density range between 1440 kglm3 to 1850 kg/m3. Table 2 shows that 
both 
PET aggregate with 50% and 75% replacement ratio lies on this definition. 
Table 2 : Result of materials properties test 
Crack propagation of Reinforced Concrete Containing PET aggregate 
A A 
Table 2 summaries all the cracking load i.e. initial cracks loads, shear force at diagonal cracking 
and shear force at ultimate failure for all tested beam. Refer to Figure 2, flexural tension crack were 
first initiated at the flexural zone for all tested beam. Before the initiation of cracks begins, 
structural beam behave as a homogenous elastic beam, as the load subjected to the beam 
increases, the flexural tensile stress also increased. After exceeding the concrete tensile capacity, it 
was then contributed to the initiation of flexural tension cracks [8].This crack appears at the greatest 
bending moment region and would gradually propagate vertically upwards as the load increased. 
It also can be observed that the increment of PET aggregate replacement with natural fine 
aggregate reduced the initial flexural tension cracks of the beam. For every 25% of PET 
aggregate increment, the initial loading cracks declined to 27%, 38% and 46% compared to their 
corresponding normal concrete. This manner were well expected based on the analysis of concrete 
splitting tensile test and Modulus of Elasticity (MOE) of concrete that's indicates the reduction of 
stiffness and tensile strength of PET concrete. Shear force at the ultimate failure,'also 
decreased correspond to the increasing of PET aggregate replacement ratio. For each 25% 
increment of PET aggregate, the shear force at the ultimate failure decrease by 6%, 25%, and 41% 
compare to the normal weight concrete. The factors attributed to the reduction of shear force at the 
ultimate failure have been previously discussed. 
Replacement 
ratio (%) 
0 
I P25 I 42 I 46 I 128 I Shear I 
Compressive 
strength 
4 
Spli tensile 
Strength (MPa) 
4.27 
Table 3 : Result of strucutral beam test 
Beam 
designation 
NAO 
At shear span zone, shear cracks formation was develop either through flexure-shear cracks or 
diagonal tension cracks. The flexure-shear cracks develop fiom the combination of flexure and 
shearing action at the shear zone. This crack was recognize by a curve pattern of the cracks that 
first initiate as a vertically oriented flexure crack occurs at the shear zone due to the extreme 
flexure tension [8]. The crack than propagate towards the source of loading point. This propagation 
create a curve profile from the vertically flexure cracks. Diagonal tension cracks initiate at the 
neutral axis and as load increased the cracks propagates towards the loading point and supports in a 
straight line with the inclination approximately at 45' [9 ] .  After it reach the ultimate shear load, 
Modulus of 
Elasticity (GPa) 
32.3 
P50 
Densitr (kdm ) 
2250 
At fnst crack 
(Id\r) 
53 
33 
P75 
Failure mode 
Shear 
Shear force (kN) 
At first shear crack I At ultimate stage 
34 
5 7 
101 I Shear 
29 
139 
33 81 I Shear 
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the reinforced beam with the formation of diagonal tension cracks would suddenly failed without 
warning. 
As shown in Table 3, load at the first shear cracks gradually decreased to 22%, 36% and 42% 
for each 25% increment of PET aggregate.the reduction of first shear cracks load affirmed the 
behavior of PET concrete which have low tensile strength based on the result obtained. This was 
the evidence that showed the concrete tensile strength contribute to assisting in shear resistance 
prior to the initiation of diagonal tension cracks. From the observation, all the first shear cracks 
develop from the flexure cracks at shear zone. 
Figure 2 : Cracking propagation and pattern for (a) NAO, (b) P25, (c) P50 and (d) P75. 
As both crack i.e. flexure shear and diagonal tension become more intense, dowel cracks were 
develop since the shear resistance were transferred to dowel mechanism after the previous 
mentioned cracks become severe [lo]. This type of crack can be recognized by a horizontal cracks 
propagate in line to the longitudinal bar [lo]. This is shown in Figure 3 where beam with 75% PET 
aggregate exhibit a diagonal tension cracks evolve from the flexure shear cracks. For more severe 
shear stress transferred to dowel mechanism, the dowel cracks would instantly damaged the 
anchorage of longitudinal bars thus induced physical crushing of concrete at the support as shown 
in Figure 4 [lo]. For P75, there is no anchorage failure due to dowel action since the shear stress 
transferred to the dowel mechanism was reduced due to the higher PET aggregate replacement that 
weakened interface friction between the diagonal tensions cracks of concrete that made the beam 
failed prior to the extensive of dowel cracking. 
Figure 3: Dowel crack for P75 Figure 4 : Physical crushing at support 
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Conclusion 
The replacement of natural fine aggregate with PET aggregate reduces the mechanical 
properties that influence the performance of structural concrete in resisting shear stresses. The 
inclusions of PET aggregate reduce the tensile capacity of the concrete which attributed to the 
initiation of first crack at relatively lower applied load. Furthermore, the low adhesive 
strength between PET aggregate and concrete paste reduce the ability of interlocking between the 
aggregate that affecting the interface friction in resisting shear stresses. 
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